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Eraf. :uid Cooling Teats. in the 2if ft. Wind 
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;zLZj^a 

Zests were snatlo to detoroino the iir flow and drag characteristics 
of a Jentaurus-Zsuckingham win,;, naoolle Installation fitted with a higl. 
velocity cowl entry, vith and vrithout <i high solidity spinner fan.    Floi/s 
and pressures ./uro measured at vnluus of   J    corresponding to Weak iöxturu 
Cruise,      All Out Level, Cliaib and ground running, conditions.      Flo"..r. 
prossuros  and drags \raru measured iri.th propeller (fjiu fan) renoved. 

The main results are given i:i tho following tabloj- 

/Table 
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V.M. Cruise and A.O. Level 
Prcpellor                      (J        .   . 

1 
Without fan   |     With fan 

Gill Position Closed'  Open Closed Open Closed Open 

Total head in cowl entry + i            0.89 j   C98 0.90 0.92 

Total head at front of 
cylinders + q, 0.79 |   0.75 0.84 O.76 0.92 0.75 

Total hood drop from front of 
cylinders to gill exit + q, 0.43 0.91 0.48 0.93 0.47 0.89 

Baffle constant based on above 
total head drop O.52 0.54 0.59 0.59 .   . 0.50 

Baffle oonctant baaed on pres- 
sure integrating ring readings 0.43 0.49 0.54 0.53 0.49 0.47 

Cooling air flow (cu. ft,/30c.   1       .,g 
at 100 ft./soc.)                              j         -' .197 136 191 145 203 

"                         1 
Drag (lb.  at 100 ft./soo. 

l.iinimum 7.7 32.0 

Ilef-.idual 4.9 17.3 

i External (gill hinge gup 
1 coaled) 

-2.2 9.4 

Paired body 17.2 17.2 

Power plan- (excluding oil               ^7 6 
cooler; 

76.8 

The addition of the fan increases the net propulsive efficiency 
of the engine prop-":ll>:r unit under all flight conditions. 

In addition the maximum attainable flow is increased by 45;j for 
•round running and 20J„ for climb conditions. 
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Introduction 

TjutHj.. of investigation-, into the airflov aivl irog character- 
istics of a Centaurua-3uokinghajii -.Ting-nuaelle installation fitted with 
(a) O.7.A. ox: • in (Prototype ijuckingham) and (b) rear swept 

• ten; (Production Inickinghan) have been given in part I^ and 
Part II- of this report.      The present part describes tents Bade on tho 
:-ai.c Installation us (b) but with *:JU oowl entry und spinner replaced 
by   i high speed cowl entry,  and a. spinner of ii^f maximum diameter, 
ac  fitted to the Tempest II aircraft.      The tests were made with and 
without a high solidity cooling fan driven at propeller npood. 

c. >-.-.orii)tipn oi" tost unit 

2.1 aelle on win. 

nacelle   ind wing with supporting pylon are rhown in Figs.l 
and ?..      The important dimensions of the installation arc given in 
Appendix I.      Except for the nose cowl, spinner and propeller, these are 
the saia.  as arc quoted in part II oi" this report.      Pit. 3 i-"  & section 
through the power plant showing the essential features an regards air- 
flow and also tho position find type of the roasuring instruments, 
circumferential position of the entry and exit instruments i3 shown in 
'/ig.Jt.      The in:;+rujrunt.vtion has boon considerably improved since the 
previous', r-.eries of tests  and a full description in given in Appendix II. 

The now nose oovl is oi' tho type used on the Tempest II aircraft 
and v;ao designed to obtain a higher entry velocity i'or a given flow. 
Tho spinner dimeter is ü.50 ins, and the mean entry gap 5.UU ins. 
giving ,ja entry area of i:,51 sq.ft.      The spinner contour is maintained 
bac'r- to thu cylinders by a oronkcase fairing.      '.foen the fan is not 
fitted the resulting gap in filled by a stationary fan ring.      The 
position of the fan and the modifications to the diffuser shape \/hen the 
fan is fitted are shovn in Pit;, j. 

Control of th^ oooling flaw in by the usual adjustable pill type 
of exit which is continuous round the './hole circumference.      The sill hinge 
gap was nealod over with fabric for all tho flow tests. 

Thv. engirt cowling gradually changes from circular at the none 
covl to oval at the  i-,ill exit.      The rear nv/ept exhaust system is 
described in detail in Part II of thin report.      Nine equally spaced 
groups, each of two rearward faeiiv, o-daaust pipes, are fitted in the 
gill exit termnat inj level with the edge of the gill plates. 

. •'aired body 

The faired no3e used for previous tests waa fitted over the no.;c 
OCTV/1 and tho gill gap faired over (with tho gills in tha closed position) 
to provide a datur.! fairod bodi' for oatiinating the cooling drag.      In 
this farm the external shape :;jii identical with that of the fairod body 
in tho previous series of tests. 

The  air in- ako was faired over :md the oil cooler louver (en 
the underside of the starboard wing) '..'as locked in the dosed position 
for these and all other tests '..ithout propeller. 

2.3 uoolinfl fan 

The coolin' fan ir of the high solidity type and is driven at 
propoll. r spocd.      Details  arc   -iven in Appendix I and Fig. 6 and a 
photograph of the rotor  ind stator is rho\m in Pig.7«      The rotor anu 
stator consist of rings corryin."- sopar ito ad.iustablo-fitch blades.    Tho 

-W - 
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angles at which the blade» ware cot were t!iosc found in previous tests 
of the fan^ (in the M.A.J.. full scale fan testing tunnel), to give the 
nigheat pressure rise«      The rotor and 3tator rings are carried on 
dished plates bolted to the rear of the propeller hub and to the front 
of the crarJceaso respectively. 

3 ..   :•; i_._^ _ ' - • .• 

3, 1 Low and total head measurement:' 

3.11 Teats without propeller 

The testa without propeller v/ore made with the entry cowl shape 
as for the engine running tests without fan, but with the cut-outs in 
the spinner for the propeller blades and the gap between the spinner and 
fan ring .-.ealed over with fabric. 

Total heads and flows were    determined over a range of gill 
positions.      The presence of the exhaust pipes in the gill exit compli- 
cated the measurements there anil made a complete traverse to obtain the 
flow impracticable.      The following procedure was therofore adopted: 
the rear portions of the exhaust pipes were removed and the flows 
determined from entry and oxit measurements.      The to3ts were then re- 
peated with the exhaust pipes replaced and, using the exit flow against 
entry flow curves from the tests without flow as a calibration, the net/ 
true exit flow was determined.      A factor (true-exit flow)/(computed exit 
flow) was then determined, where tile computed oxit flow was that calcu- 
lated from the exit pitot-static readings assuming the only offoct of the 
exhaust pipes was to reduce the exit area.      This factor which varied 
from 1,05 vrf.th the gills closed to 0,89 with the gills open, was then 
applied to all subsequent tests, sinoo from previous investigations the 
factor was expected to remain constant at the same gill position. 

The flow was computed as £• v 6 a    at entry and £ v ö a multiplied 
by tho factor at exit, where 

v   =   local velocity 

6a:   representative area served by pitot tube. 

Tho total heads at entry and exit wore coiputcd as £ h vöa/E v öa, 
and tho total head at the cylinders as  £ h 6a/l 6a as tho velocity head 
there was only a small proportion of the total head;    whore h = local 
value of total head. 

The pressure integrating ring readings wore also taken. 

The measurements were made at a windspeed of 160 ft./soc,  with 
and without tho rear portions of the exhaust pipes fitted, and scale 
effect tests wore also made at 60 and 100 ft,/sec. with the exhaust pipes 
removed.      The above tests were made at a wing geometrical incidence of 
1.5° and a few tests were also made at 13.4° at a tunnel speed of 100 ft./ 
sec. 

3.12 iSnginu running tests without fan 

In order to obtain direct comparison with the previous series of 
tests the present series was made at the same engine speeds and wind 
speeds and with engine developing tho same powers.      The appropriate 
values of propeller pitch sotting were determined from a calibration made 
on a 1500 H.P. electric actor. 

The total head values and exit flow were calculated as for tho 'no 
propeller' tests, 
taken. 

iioadirvjs of the pressure integrating rings were again 

-5 - 
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angles at whloh the blades were ret ware t.'cce found in previous tests 
of the fan-5 (in the H.A..;. full scale fan testin.- tunnel), to give the 
highest pressure rise.      Tho rotor and stator rings are carried on 
dished plates bolted to the rear of the propeller hub and to the front 
of the crankcace ivjpoctivcly. 

3 Hange sf investigation 

j.l flow and total head measurei,e.--.t. 

3.11    Teats witiiout propeller 

The te3ta witjie-ut propeller wore made with the entry cowl 3hape 
as for the engine running tests without fan, but with the out-cuts in 
the spinner for the propeller blades and the gap between the spinner and 
fan ring r.ealed over with fabric. 

Total heads and flown wore    determined over a range of gill 
positions.      The presence of the uxhaust pipes in the gill exit compli- 
cated the measurements there und made a complete traverse to obtain the 
flow impracticable.      The following procedure was therefore adopted: 
the rear portions of the exhaust pipes were removed and the flows 
determined from entry and exit measurements.      The tests wore then re- 
peated with the exhaust pipes replaced and, using the exit flow against 
entry flow curves from the tests without flow as a calibration, the new 
true exit flow was determined.      A factor (true-exit flow)/(computed exit 
flow) v/a3 then determined, where tlie computed exit flow was that calcu- 
lated from the exit pitot-ctatic readings assuming the only effect of the 
exhaust pipes was to reduce the exit area.      This factor which varied 
from 1.05 v/ith the gills closed to 0.89 with the gills open, vas then 
applied to all subsequent tests, since from previous investigations the 
factor was expected to ruiaain constant at the same gill position. 

The flow was computed as £• v ö a   at entry and Z v ö a multiplied 
by the factor at exit, where 

v    =    local velocity 

6a =    representative area served by pitot tube. 

The total heads at ontiy -.aid exit were coi.puted as I h vöa/E v 6a, 
and the total head at the cylinders a»  E h 6a/r 6a as the velocity head 
there was only a small proportion of the total head;    whore h = local 
value of total head. 

The pressure integrating ring reading wer~ also taken. 

Tho measurement:: were made at a windspeed of 160 ft./sec.  v/ith 
and without the rear portions of the exhaust pipes fitted, ami sealu 
effect tests noro iJ.no made at 60 and 100 ft./sec. with the exhaust pipes 
removed.      The- above tests were made at a wing geometrical incidence of 
1.5° and ;i few tcstr. were also made at 1.5.4° at a tunnel speed of 100 ft./ 
sec. 

.5.12   Sngine running tests v.-itliout fan 

IK order to obtain direct comparison v/ith the previous series of 
tests tlie present series was made at the same engine speeds and wind 
speeds an.i with engine aevelopinj the- sans powers.      The appropriate 
values of propeller piteh sotting were determined from a calibration made 
on a 1500 H.P. electric motor. 

propeller1 

taken. 

The total head value;?  and exit flow v/ere calculated as for the  'no 
tests.      iJeadin.?' o»' the pressure integrating rings wore again 

r 
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*.e=t oon.li*.-.or.-  in the tunnel are giver, in Table I below. 

Table I 

Turj.el Cor...tion:; 

• J uivalent flight 
oc rid it ion.-! '• 

speed 
(ft./ 
see.) 

(r.p.n.) 

Propeller 
pitch 

retting 
(At 0.7 
radius) 

^ing 
inci- 
dence 

Gill 
position 

! "V; i:  rdxture cruise  and 
all out level  'S*  goar 

i 

2.2 170 907 500 71 lo 30t Complete 
ranee 

150 

! 

1.6 170 12U> a.0 ji1 
1° 30« 

Complete 
range 

290 j Climb 'S'  gear 

I 
6° £5« 

: • • 

• c open 

1 
1 Olir.i   'I!1  gear 

L 
1. • 1 170 1655 37° 20' 1° 30« Complete 

range 
51C 

These valuta of J differ 3lightly ."rom those in the previous series of 
tests as the- propeller diawetor is different. 

+ H = crankshaft spaed, propeller reduction gear = O.i,. 

Some ground running tests were also made at 1390 and 2000 r.p.m. 
at a propeller pitch setting oi' 30° W and at 1690 r.p.m. at a pitch 
setting of 32 37 The free stream velocity was not zero owing to the 

3.2 Internal cooling dr 1?. with and without propull^r 

* Tho drag coraion-nt  is dofinoi as   A» * -j   where Ah is thu loss in moan 

total head iieress the part under consideration. 

---- 
-••••. 

tunnel velocity induced by the propeller. 

5.13    üngine runnin,; t-;sta with fan 

Tip mJAsuromonts were possible  at the entry with the fan,rotor ;ovl 
3tator in position, but moasuroiasnt3 of total head at tho frontof the 
cylinders,total head and fl.ow at tho gill exit and pressure integrating 
rint', readings were taken.      ""etal heads and exit flows were computed in 
tho .same v/ay as for tests without fan. 

The test programme   losaribcia in the previous paragraph (3.12) 
was repeated with tho fan fitted. 

The total  internal cooling drag has been calculated using the 
formula due to Bets.       The drag is  .-;>lit into compononts* which show tho 
relative los3  in the wake to that across various parts of tho engine. 
This method of analysis is tho sa..io as that used in the previous parts 
of this roport am is fully described in Appendix III of Part il. 

3. 3 Measured drag-- 

3.31    Ooi.'uloto rit; pvithout jjro»eller) 

Lilt  and drag measurements were made ov^r tho whole range of gill 
openings, the installation boiry as doscribod in para.  .5.11 for tho  'no 
propollor'  torts with exhaust system coi-^lete. 

r 
4 
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3.32   t aired body 

Lift  and drag Äasureuents \*-.re made over ft range of wing 
incidence fron -0.5° to 1J.50 with the faired body on wing as described 
in para. 2. 2. 

3»33   wrac, corrections for lift 

Ir. calculating the power plant drag the value of the faired body 
drag at the sane    value of 0^,  t; the tests with flow, has been used. 

1+ Results *ni Jiscu^nien 

The results discussed below are presented in Table 5. 

l*.l Entry lo3s 

The total head loss before the cylinders can conveniently be 
divided into two parts;    the loss into the cowl entry and the loss  in 
the diffuser.      The two planes of measurement are shown in Pig.3» 

.',.11   No propeller    (Fi.v.8 and 9) 

The total h-ad lose- up to the cowl entry is small (about 0.02q.) 
at an entry v/V    of .0.8 but rises to O.IO4. as the v/V is decreased to 
0.55.      The rrolial distribution (Fig.?) shows this to be due to a break- 
away from the r.pinncr.      The total head at the front of the cylinders 
drops slightly from 0,79<i with fills closed (v/V = 0.55) to 0.76q with 
gills open (v/V = 0.78).      The diffuser loss obtained by subtraction 
varies from O.llq, to 0.221 as v/V increases from 0.55 to 0,80.      The 
diffusor loss in terms of entry velocity head is discussed in para. 4.12 
below,        •   • 

if. 12    Effect of propeller 

The results in v,ig.Bb are for J = 2, ?U, eorr«-;; ponding to weak 
mixture cruisu and all oat lovel.      The presence of the blade roots 
increases the loss  into the cowl entry to C.OSq. at v/V = C.8, collared 
with C.02q without propeller, ;jnd has vory little effect  at v/V = 0.55. 
Pig.10 shows that changing frox lovel speed to climbing conditions in- 
creases the available total huad by about 0.03q. 

The diffuser loss decreases when the propeller is  added by an 
amount which is almost independent of .T (see i'ig.10).      This less  in 
terms of the entry velocity head jpv2 i-s r.ivon in Table II below. 

Table II 

Diffuses loss lr. terms o?.' entry velocity head 

v/V 
P/Apv2 

No propeller J = 2. 21+. J = I.63 J =1.22 

0.5 

0,6 

0.7 

0.W 

0.U 

0.37 

0.23 

0.29 
0.28 

1  

0.26 

0.29 

0.28 
1  

0.23 

0.26 

0.26 

v is used to represent the mean entry velocity i.e. Q/(Entry area, 
2.51 s l.ft.). 

- 7 - 

P 
. 



• 

R.A.S. Deport ::0. Aerc. 214- 

"he improve nurrt with engine runr.ir..'. is probably due to the 
r.vriri  indue ropeller •>.-•  it is known that a moderates amount 
of swirl improve the offioionoy of a diffuser. 

The" radial -'i-tribution cf total head at the oowl entry (Fir.« -') 
is fairly unifon; with tho gill? open both for tests nt J = J,A and 
those without propeller, but closing tho sills produced a falling off 
of tho total head near the crankcaEe frJLrir.g due to a breakaway fron 
tho spinner.      At the front of tho cylinders the radial distribution 
of total head is  not 'lniferrc due tc trie bad diffuser shape.      It ha? 
a peak value atcut or. a i^.ve L with the cylinder head when the fan is 
absent.      Fitting tho fan and liner causes this peak to move radially 
inwards slightly. 

4.13    Grounu. running    (i.e.  tunnel fan idling) 

The total head (in inche.s of water)  just inside the cowl entry 
and at the front of the cylindorit ii shown in Fig. 11, together with the 
free stream -jfV2 (duo to the induced tunnel flow), for tho tosts at 1890 
engine r.p.m.  at a propeller j/itoh setting of 30° 42*.      There is an 
increase of total head of one inch of water above the free stream dynamic 
head at thu front of the cylinder with the gills open, 

-.14    Comparison with previous  test: 

Table III belov/ gives tho values of total head just  inside the 
oowl  jntry and at the front of the cylinders at two value;; of cooling 
flow for the three installation:) tested. 

Table III 

Installation 

Fuciriiu&im 
Prototype 

(Part i; 
7an off 

Buckingham 
Iroduction 
(Part II) 
Ho fan 

Tcinp^st type high speed 
entry.      Fan "off 

Entry area 
(sq..f1>v) 3.81 3.98 .' L 

1 
Condition    .   Flow 

T.H./q       r\:i./l 
Entry    , Cylinders 

T.H./q 1    T.H./q 
iJntry   ' Cylinder:' 

T.H./q 
... -i\: 

T.H./q 
Cylinder.-. 

No propeller 140 0.95 C.81 0.91 0.79 

195 0.99 0.78 0.97   i     0.84 0.98 O.76 

Wbak mixture 
cruise and 
all cut level 

140 0.76 0.67 0.72 C.69 0.90 O.83 

195 C.78         0, b4 0.73 0.70          0.92 0.76 

With the propeller off the entry total head sho./s little variation 
at the higher flow but at the lotAJr value tho high 3poud entry is about 
0.03q worse  than tho other two,  due to tho largor porcont;igo  area affected 
by tho breakaway from the spinner.      The high diffuser loss with the 
Tempest type entry causes  a slightly lowor value (about 0.05q) of total 
head  at tho front of the cylinders than   with the previous  installation 
(Proiiuct.li :. Etuckinghaia). 

Under engine running conditions corresponding to weak mixture 
crui-     :evi all out level the total head at  entry shows  a markod improve- 
ment   (about O.15 1) over the previous  installations.      This    gain can be 
attributed to two  eaus^s:- 

(a) •  improve 1 blado root design,  and 

- 8 - 
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(b) the oore favourable pressure gradient in which the blade roots 
are wor'/'ir.;-,, resulting fro:c the higher entry v/Y. 

The ii-prove.Tient  in total head : 'linders is not so great 
as that at entry duo to the higher diffuser lcs.-  and amounts to about 
0.10a. 

This comparison shows the necessity of caking tests with    the 
propeller running,  and the advisability of doing so under full soalo 
conlitiom owir.r to tho known scale effect on propeller blade roots. 

... 15    Effect of cooling far. 

The effect of the fan on the total head at tho front of the 
cylinders  is shown in Figs.12a, 12b and 12c.      The total head, in 
inches of water at 2400 engine-r.p.m.   (ground level),  is plotted againr.t 
forward rspood in knots.      The fan producer:  an increase of total head of 
3 to 4 inches of water at low forward speeds rising to 5 inches at a 
flight speed of 100 knots.      With the gills closod this increase is 
maintained up to the hipjjost spued represented (270 knots), but with 
the gills half open the pressure  increase falls to only 1-.; inched 
at 270 knots.    . With tho gills fully opon the pressure increase has 
fallen to zero at about 265 knots. 

4.2 Static procure "it the  gill exit 

The mean static pressure at the gill exit is shown in Fig. 13 
plotted against  gill position or exit area.      Tho curves obtained for 
•no propeller1  and J = 2.24 are nearly parallel, the latter being 
about O.O31 below.      Tho moan static pressure for the  *no propeller* 
tests falls fro.il -0.01a with the gills closed to -0.26a. with the gills 
open. 

The circumferential variation of static pressure has not been 
affected by the  ohango in nose cowl shape and is as described in Part 
II.      Tho variation for a given gill position is about 0.3q. with a 
minimum, at the bottom of the engine ami maxima oust ahead of tho wiiigs. 

4.3 'Coolingflov 

As no measuruniunts coiild be made in the con/1 entry with the 
cooling fan fitted, tho cooling flow calculated from measurements at 
the' gill exit has been used throughout tho report for the sake of 
consistency«.    Tho term cooling-flow i.: therefore used to denote that 
calculated from exit measuremonts unless the entry is  specifically 
mentioned.      All flows quoted have boon corrected to free stream 
temperature. 

4.31 Variation of coolin;-, flo.v with exit area 

Tho coolin:- flow 1   plotted «.gainst gill oxit area in Fig. 14 
for no propeller,  and i'or tho cruise and all out level conditions without 
fan.      The raw'J is from about 135 ou.ft./ouc.   at 100 ft./sec. with tho 
gills closed to 19y with tho gills open. 

Tho oooling flow calculated from entry measurements  is also 
plotted for comparison with those obtained from oxit measurements.      The 
agreement between tho  two .iota of values 1 is  good and the slightly lower 
exit values could be due to cowl leaks. 

4.32 ijj.'1'ect ci' fan 

The cooling flow oxprossod in cu.ft./sec. at 2400 engine r.p.m. 
is shown in Fig.15 plotted against flight speed with and without fan. 

- 9- 
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For nr->ir.. ruminj   an-, lev; forward speed.;  the fan produces an increase 
of flo-i with the cilia open of About Ufrim      As the fll^-.t speed 
increases this   crops to 25-. at 100 ,:notr. 10;. «it 200 knots and at 
the highest speed represented (270 knots; the 
"(fith the gills   ilone? the percentago increase 
about 1.2 of that with the gills open» 

km ii    Effect of incide:uc 

iffeot on the coalir.', :'lovf of increasing the inciience 
by y at J = l.Cj is to decrease the flew by about 1,. with the gills 
open and 2   with thu giÜ3 olos-'i.      An increase of 12° with no pro- 
peller produces a decrease in flow of only 2;. v*ith the gills open. 

4.4 . ;if fie constants 

The baffle constants X1 and K^, given in Table V are defined 

*1    = 
4P, 

r (QAOC)' 

AP£ 

«r (yloo)2 

whore  AP-,  = pressure integrating ring drop (inches of water). 

_iP • - total head drop fron front of cylindors tc gill exit 
(inches p ' water). 

or = free strew relative density. 

= cooling air flow (cu.ft./seo.). 

As  in Parts I  and II K-,   i.    quoted for comparison with  "light tests. 
The baffle system and    ßill o .it systei;. anu 
discussed in Part II, 
16 and 17. 

have not been altered since the tests 
'he values of K^ obtained are plotted in Figs. 

if.41    ] o propeller 

Vests were made over a range of gill openings  at wind speeds 
of 60, 100 und 160 ft./sec. with the rear portions of the exhaust pipes 
relieved.      The effect of increasin|> the wind speod at oonatant gill 
position is to reduce the baffle constant »lightly!    the baffle con- 
stant appears to vary as  (Reynolds ito.)"*0«^(J as' v;as found on the previous 
series of tests.      Closing the gills p.-oduoes  an increase in baffle 
constant of about 0,12 at 60 ft./sec.  falling to 0.05 at 160 ft./seo. 
The mean value at 160 rt,/sec.  is a>out 0.53, with and without the 
exhaust pipes fitted. 

4.42    Tests  at jrarrect    J    for fljjjit 

The decreased accuracy in cooling flow :neasuro..ient with the 
engine running makes it impossible to separate out the effects of 
Reynolds nuniber, swirl, toiqporaturo etc.      In general the baffle con- 
st a! .t falls from about 0.62 with the gills dosed to O.56 with the 
gillr op> r., without the fan.      With the fan fitted    the baffle constant 
is near;.' o-nstan:   at a value of O.32.      The 3tator ring permits very 
littlo variation of swirl ox% total head distribution at the front of 
the cylinders with chan.-e of    J    or gill position, which probably 
accounts for the more constant values, 

- 10 - 
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4.43    Crrpur/i running 

Without Tan the values <        , are about 0.8 to 0.9 anile with 
the fan fitted they are nearly constant at 0.60.      The high values 
vrithout fan are probably due in part to the large swirls (up to 50° 
at the cowl entry) while the increased tenperature rises of the cooling 
air would be expected to produce a higher value of baffle constant -.han 
for the teats at values of   J    corresponding to flight conditions. 

4.44    Coinparii'cr. vri.tr previous tests 

For tests at value» of   J    corresponding to flight conditions 
the mean values of K2, i.e. O.59 without fan and 0.52 with fan, are in 
fairly good agreeiient with the mean value of 0.50 obtained in Part II. 
The change of baVfle constant with gill position is les3 marked in the 
present aeries, due* possibly to th.r different flow pattern at the 
front of the cylinders. 

4.5 . i- >,' 

4.51    hi'-xR :.«j:^iurunan:o \ri.thout propeller 

The nuasured ooolin,-; drag and calculated internal drag are 
sho-.m in ?ig.l8 and the drag analysis using the sauc nomenclature 
a3 in Part I is ?,iven in Taolo IV bolo-.7 at a Oj, of 0,06. 

Table IV 

Drag analysis at 100 it./seo.   (no propeller) 

Gill position (Jlosed •5 open Open 

Dili exit area (styft.) 2.19 4.22 5.99 

Cooling flow (eu.ft./sec.) : 179 197 

Minimum internal drag (lb.) 

Residual internal drat; (lb.) 

External cooling drag (lb.) 

Paired body drag+  (l. .) 

Power plant dragP (lb.) 

7.7 

. 

-2.2 

17.2 

27.8 

21.1 

11.2 

3.9 

17.2 

53.4 

32.9 

17.3 

9.4 

17.2 

76.8 

+    The  faired body drag  luoted is  that obtained in Part I as the shapes 
arc  identical. 

P    The power plant drag quoted does  not include the drag of the oil 
cooler or air intake. 

4.52   Internal dra^ analywir 

The drag oomponents axe plotted agair.-.t cooling air flov/ in 
Pigl9a for we ale inir.ture cruise and all out level conditions and in FigJ^b 
for 'no orojeller1 tests. 

•    The technique of'ilo./ aii»l total head measurements has been improved* 
since the last tests and this  is   Losoribed in Appendix II. 

- 11 - 
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...^3    r.f:'--ct ^f fan 

If the engine is supplying a constant 3.K.P. the power absorbed 
by the fan is obtained at the cost of a loss  in the power supplied to 
the propeller.      The resultant I033  in propeller thrust can be considered 
as  an addition to be n>ade t    the total internal drag as River, by the 
Betz forwila when a fan is fitted.      This loss  in propeller thrust has 
been calculated using the values  of power required for the fan as obtained 
in the full scale fan testing tunnel' and assuring a propeller efficiency 
of 85ji;      and is quoted in 7abl; V. 

The sun. of the total internal  irag &n^ the equivalent drag due 
to the power absorbed by the fan ie plotted in Jig. 20a for weak mixture 
cruise and all out level conditions and in fig. 20b for clinfc tosts at 
J = 1.22.      In general i'or a giver, cooling flow, there is a reduction of 
drag due to fitting the fan except at the lowest values    of exit area. 
Asaumin». the external drag to be dependent only on the exit flap 
position, there iz a reduction of jjowur plant drag, at a given   value 
of cooling flow, at all gill settings. 

4.6 Kan characteristics 

1'he pressure rise cl' a fan'is presented in the form of a graphi- 
cal relation between the.static pressure rise coefficient Ko and the flow 
coefficient    A   defined a.- 

Kfl  = j£_ and A• = 
undi £p(* n d)z 

whore      A3 = static prosr-uro rise across thro fan (lb./sq.ft.). 

p = dei«ity of the  cooiinr, air  (sluca/cu. ft.). 

n = .speed of rotation of the fan (r. p. .<-.). 

i = nEan diameter of the fan (ft.). 

= volume flow of cooling air  (cu. ft./sec.). 

A = annular area in the plane of the fan (sq.ft.). 

Assuming the total head loss  into the entry and in the diffuser 
to be unaffected by the presence  of tho  fan at  the  same value  of cooling 
flow, the increase in pressure at the front of th'j cylinders should be 
equal to the static pressure rise  across the fan.       Two pressure rise 
coefficients Kg-,.-   and Kß„ have therefore been calculated as 

^GYL = &Jg'     o     Md    ^H =  
.(Xt      -p(*nd)2 R      ^(Knd)2 

where     ASQYT  • increase in the nean total hcau at the front of the 
cylinuors,  at the can»? cooling flow, duo to fitting the 
fan (Ih./sq.ft. )." 

AS_      = increase in the front nrosr.uro integrating ring roading, 
at the same cooling flow, due to fitting the fan (lb./ 
sq.ft.). 

The values of KR        and KR    calculated from the engine running 
^CYL Tl 

tests aru shown in. Fig. 21 plotted apainst   A, together with the values of 

- 12 - 
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Ko obtained ir. the full scale fan testing tunnel'.      The values obtained 

from the tont-, sorrespor/iinr to diet conditions (j = 1.22 and 1.63) are 
in good agreenent with the fan tunnel results.      The values obtained from 
the tests corresponding to idea»- mixture cruise and all out level conditions 
i,J = 2.21*} appear to be nuch hither than the fan tunnel results, but 
actually the difference is only 0.0Jq. for Ka^ end 0.05c, for KSR at this 
value of J.      The values of KgR are about 0,02q. greater than KSQYL 

for 

all flight conditions. 

No comparison is possible for the values obtained froir. the ground 
running tests as no fan tunnel results nre available at sueh a low value 
of A . 

The effect of  in increase of wing incidence of 5° at a   J   of I.63 
is to reduce thu values of   K^cjyr and Kgo by about 0.05 which is uquiva- 
lont to O.OI4. at thia value of J. 

Conclusions 

5.1 Entry lam 

The entry loss up to thu cylinders with no propellor ia 0, 22q. 
(oompared with 0,23-1 with the U.V.A.  system and 0.17^ with   thu previous 
low speed entry) mainly duu to 0. diffusei* loas of 0,l8q.. 

The prcpullor reduces thu loss up to the cylinders to 0.19q. for all 
flight conditions (coiapared with 0.514.0. for the G.T.A. system, and 0«31q 
for the provious low speed entry). 

Under ground runniiy, conditions the increase in total head at the 
cylinder» duu to the propeller is 1.3 inches of water at 2000 r.p.m. 
(compared with 0.5 inches; with the C.T.A. system and 1.0 inches with the 
provious low spoud entry).      Addition of the fan increases this to about 
3.8 inches of .vator. 

At 21+00 r.p.m,, for flipht speeds abovo 100 knots, the fan in- 
creases the total head at thu cylinders by about 5 inches of watur at 
ground level with the gills close:!,      Vlith the ßills open this  incro:ir.c 
falls from 5 inches at 100 knots to zero at ?65 knots. 

5.2 Coolint; flow 

without fan thu cooling iT.ow can be varied from 135 to 195 cu.ft./ 
sec. at 100 ft./sec. by alter ins tho gill position.      At & given gill 
position thu fan increases the flow by about 50^ at ground running and 
lav forward speudr-.      This inoroaso hae fallen to }C% at a   J    of 1.0 
and 1&;U at a   J   of 2.0, 

5.3 Baffle constant 

The baffle constant at values of   J    corrusponding to flight 
condition", is fairly constant at 0,52 with the cooling fan fitted and 
0.59 without. 

5.1f .—_ 

The total power jilant drag, excluding the drag cf the oil ocolur, 
with no propullur i.-. 28 lb. at 100 ft./soo.  at 0^ = 0.06 with the gills 
closud wni 77 lb. with thu gills fully open (oompared with 31» lb. and 72 
lb. with the C.T.A. .;ystu:r., am 30 lb. and 77 1^» with the previous low 
spood entry). 
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Tho faired tody drag his buer. taken as 17»2 lb.  as previously 
Measured on tho 0.7. A.  installüticn. 

5.5 Ganoral effect of fan 

For & given cooling flew the addition of the fan decreases the 
net internal drag in nearly all cases.      If the external drag is taken 
as a function of gill position only, then the net propulsive efficiency 
of tho engine propeller unit is increased in fj.1 cases by the addition 
of the cooling fan.      Under cruise conditions this increase is about 
i* lb.  at 100 ft./seo. with tho gills half open and 10 lb. with the 
gills fully open.      Since the »iroraft drag is of the order of ICC lb. 
per engine the 3aving whan trying to satisfy tropical condition.-  is 
eins iderable. 

5.6 •  .!•   ,:.   .-    V    :••••• .". 

Tho agreement between the results from thu ungine running tests 
and those from tho full scale fan testing tunnel is fairly good, the 
measured increase in total hoad at tho front of the cylinders being 
within 0.02q. of that calculated from the fan tunnel values of Kg. 
No loss in fan performa.we due to the presence of the propeller blade 
roots is  apparent.      An increase in incidence of the installation of 
5° at J = I.63 reduced tho measured total head increase at the front of 
the cylinders due to tho fan by vory little (O.Olq). 

List of Symbols 

A   ' =      annular entry area in plane of fan (2.51 sq..ft.). 

6a   =      representative area served by pitot-static tube (3q,,ft.). 

B.H.P. • horsepower absorbed by propeller and cooling fan.       (The pro- 
peller horsepower is obtained from a calibration on a 1500 
H.P.  electric motor.) 

C.T.A. = circular taper assembly front exhaust ring system. 
A full description is p.iven in Part I1. 

D = 

d = 

h = 

J = 

A      a 

KsR 

propeller diameter (12.75 ft.). 

mean diameter of cooling fan (3.05 ft.). 

local total head. 

propeller advance diameter ratio = 
nD 

fan flow coefficient 
X n d.A 

fan static pressure rise coefficient 

=      fan pressure rice ooeffioient defined as 

*p(* r. d)2 

A Sr, 

Kgpjy-  = fan pressure rise coefficient defined as CM. 

•5P(rc n d)2 

baffle constant based on pressure integrating ring drop 
ap, 

•v- 
- IM. - 



l1 
R.A.E. Report Ma.Mro.2142 

Kj   •     baffle constant bwied on total heed drop froia front of cylinders 

to gill exit =      •"   '   . 

^IOO' 

H     •     engine crankshaft r.p.nw 

n     =     propeller (and fan) r.p.s.  (.reduction gear 0.1».). 

&P, =     pressure integrating ring drop (inches of -water). 

&P„ «     total head drop from front of cylinders to gill exit (inches of 
•water). 

Q     =     cooling air flow i^ou.ft./sec,). 

0.100 a   cooling air flow (cu.ft./seo.) at 100 ft./seo. 

q.     a      free strean dynanio head = ipV . 

propeller radius (6.375 ft.). 

statio pressure rise across fan (it,/sq. ft.). 

B 

AS 

-. 
•;•_ 

increase in front pressure integrating ring reading (lb./sq.ft.), 
due to fitting cooling fail (at the 3atne value»of   vj    and   n). 

• increase of total head at the front of the cylinders (lb./sq,ft.) 
due to fitting cooling fan (at the same values of   Q.    and   n). 

free stream density (slug3/ou.ft,). 

free stream relative   density, 

v (para. 3.11)    =   local velocity (ft./3eo.). 

P    • 

a   • 

v (paras,4.11 and 4.12)    =   ncan cowl entry velocity = Q/A (ft./soo.). 
V      =     free stream velocity (ft./soo.). 

No. 

1 

Author 

C.Roe 

Shaw ami 
Owen 

Title. etc. 
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Drag and cooling tests inthe 24 ft. tunnel on a 
Centaurup-Buckingham wing nacelle installation. 
Part 1 - ter-t» with C.T.A, exhaust system. 
Report No. Aero. 1976, October, 1944. 

IVag and cooling tests in the 24 ft,  tunnel on a 
0entauru3-?u«kiiigha;'. wint nacelle installation. 
Part II - tests with rear swept exhaust system. 
Report iio. Aero. 2O63, July, 1945. 

Tests of a high solidity engine cooling fan in the 
R.A.3.  full reale fan testing tunnul. 
Report N'o. Aero. 2068, July, 1945« 
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Ergs. 19073S - 190873 
Kegs.  702.65, 70U6, 70i*£ lOUo. 
Appcndics I ani 11 

',..-•.-   ' -    : 

C.S.(A) 
B.G.S.R.(A) 

A.D.A.R.D.(RCE) (Aotior. copy) 
A.D.S.R.   (Records) 
D.A.H.D. 
P/i).T.D.   (Air) 
R.T.P./T.I.3. (110 + 1) 
D.D.A.R.D.   (Serv.) 
D.D.A.R.D.   (Civ.) 
D.D.R.D.   (Porf.) 
A.D.R.D.B. 
A.& A.E>£. iZ\ 
A.R.C. M 
Bristol Aeroplane Co. (Engines) (2) 

pur R.T.O. 
r/.Eng.K.r>. 
A.D./R.D.E.3. • 

A.D./R.E.3.4. 
A.C.(I).R.D.I. (2) 
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er.iijc I 

Particulars of t;at installation 

"•entaur'-u: £ngine 

Mark IV 
Double row radiil, sleeve valve 
Diameter ever cylinders 
Supercharger gear ratios 

Cylinder.". '.lumber 
Type 
Bore 
Stroke 
Compression ratio 
Barrels 

Junkheads 
Baffles 

Propeller rotation 
Reduction gear ratio 
Carburettor: 
(R.A.E.  injection carburettor is standard in service). 

*    Locked in '}'•  gear for tunnel tests. 

2 Propeller 

Type 

55.3 ins» 
'M' 6.7-6 to 1, «S« 9.03 to 1 

18 
Air cooled 
5.75 ins. 
7.0 Ins. 
7.2 to 1 
Ho.  P.E.102760 with 0.14 ins. 
pitch -barrel finning 
Two piece No. F.B.93596 
Cylinder head No. P.B.122968 
Barrels HOB. 121166 .ind 121167 

Left hand tractor 
0.4 to 1 
Claudel Hcbs'on l6CU 

Number of blades 
Material 
Diameter 
Blade section 
t/c ratio 
Solidity 
Blade drawing number 

* Pitch locked for tunnel teats, 

3 Higjh rolidity cooling fan 

Rotol hydraulicT with 
specially thin blade root 
sections. 
4 
wood 
12 ft.  9 ins. 
Clark 'Y« 
10.:$ at 0.7R 
O.li*. at 0.7R 
R.A.10093 

Material Lajninated wool. 

Rotol 
Drawing 
No. 

liomiiuJ. 
Blade 

length 

Tip 
Clearance 
(ins.) 

Dia. 
(ins.) 

Camber 
(degrees) 

Angle:" 
(degrees) 

Chord 
(ins.) 

Sol- 
idity 

Rotor 
(51 blades) R.A.I6304 3. 05 0.28 34.4 

37.0 
39.6 

60 
50 
40 

65 
8O.3 
77 

3.25 
3.00 
2.75 

1.53 
1.32 
1.13 

Stator 
(53 blades) 

S.A.16305 3.30 0.07 34.4 
37.0 
39.6 

55 
55 
55 

70 
70 
70 

3.00 
3.00 
3.00 

1.47 
1.37 
1.28 
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y-naoelle unit 
planform: 
Span: 
Clhord: 
Maximum thickness: 
Caniber: 

Nacelle. ^^ „c^ectiona! area, 
Engine thrust line: 

Cowl entry. Type: Spinner, fan and crankcase 
"fairing diameter: 
Inner cowl diameter: 
Entry area: 

Exit.      Type: 

Distance forward from 
wing leading edge: 

Rectangular 
20 ft. 
11 ft.  95ins» v 
17.65a (constant seotion; 

Underslung 
21 sq.ft. 
Parallel to and 1 it. 
l£ ins. below wine chord 
line. 

High entry velocity 

33,50 ins. 
4O.38 in3. 
2.Ü1 a*, ft. 

Pull circumference 
variable gill 

1 ft.  10 in. 

18 

/Table 
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I      lill 
' Position 

Closed 
if open 
•. open 
I open 
Fully oper. 

Mean gap 

2.75 
5.50 
i*.00 
U.75 

.r   • xir  -jrt»- 
/ •- ft > tai.tt.  

2.56 
j.56 
-.59 
5.25 
6.36 

2.1S 
• '- 

i*,22 

iill 
_^  
00 

i*° 
18° c 
25.5 

.   H.tt exit  area - gross exit area - exhaust pipe «ea (0.37 sq.ft.). 

Air intake.    Installed 1» wing leading edge on pert side of nacelle 
(See Pig. 2). 

undorside.of wing. 

1: 
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"inc    • irlior  ierJ tho i.-.-'runentation has boon 
greatly inxrov.. i im the  following description should 1 - :• 
reference to Figs«', '* and 22. 

i-.v/l üntr.v 

IJo measurements were pcs.ibli.- in tho entry with tho fan fittud 
and tho followi:;• r-f.r '."itJw.it  fan. 

Kithort ) thoug -f total  head  in tho cowl entry 
has bo<.r. .-• .ti.-:Sot ry, no   it1 ..• boon made to ietormimtho cooling 
flow accurately,       '-"J.o ! i••:. spee    ..litry w«c expected to injjrovc tho flow 
pattom at the entry   ind surface   -tatics  (Fig. ii'a) i/ere designed to 
replace the r.ornal statics.      l-.ix of those wore fitted flush into the 
nose cowl ana six into the fan ring. 

Six non-direoticnal pitot;;  (Fig.22d) were e.iually spaced round 
tho entry in tho saiTii plane as the statios..     These pitots had hollow 
3tems, tho rubber ooMieotionr being inside the crankoaso fairing,      TJio 
stems were    notched in 4 position.-  and oaoh pitot could be sot in any 
one of these positions by a screw in tho guide block.      A small hole 
•.ran drilled in tho i'ront of the fan ring opposite oaoh pitot to perndt 
tho insertion o.' a .crowdrivjr. 

A pair of s-./irl vane.- was designed to obtain an approximate value 
of the angle of swirl.      The vanes, spanning the gap, wore of wood 
sliaped to a thin symmetrical aerofoil section and had a spindle attached 
to tho leading edgo.      Tho spindles passed through into tJie noco cowl and 
-./ere pivoted in ~r.ll races.      Tho v;uie.- wore statioally balanced, tho 
counterbalance weights being inside the nose cowl.      The outer ends of 
the spindles  c.u-riol light pointers  to indicate to the positions of the 
vanes.      The pointers with their soalcs could bo viewed tJxoupJ: porspcx 
panels in the iio.-.o cowl. 

The vanes >./ere fitted  311   1 .jrisontal diameter - one on the 
port .;ido  and or.^. on the starl o a-. - to determine tiie offeot of incidence 
on the flow direotior  as -./ell a: in swirl angle.      The pointer of 
the star'.our! vane can listinguirliod in Pig. 1. 

ritots at the front o.' th.- oylin-U-r.-. 

Tlio piti front of tho cylinders wore inaccessible, even 
v/ith the i'an no+ fitted,  because 1 C the samll .-ntry gap and a method had 
to be devised 71 he   litots cculi bo set to predetermined positions 
without removing tlie wrapper cowling. 

The instrument:   u c      hewn in ;'"i,-. ..:o.      Bach consisted of tiro 
non-uir. ctiim.-il pitot; mounted a fi:ced list inee apart on 1 thin roil and 
able tr slid r lially on two parallel juides. The rod was notched in 
foui' pldc • mid    •   lcj.:t I in   iny of    thc^e four position;- by moans 
cf a split oin in a    11 .11 block  on  the outside of tho cowl. 

""-' vi :-.   . •   6 oiroumforential positions«      The arran/o- 
mont  of . • ... .  iort    prow   . .:'.-. truLiint.^  being 
unii'or -i; • •••        :\ .   Uli;      .. positions used wore:- 

: . t*r 'the centre ] !)....•, n ' the roar 'caii cylinders 
: 17. 

'the  front hank cylinders 
• 
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",ili exit 

usual masts11"1 -.«sre fitted at the gill exit, but the 12 
pitot-.".:-i*ic ture^ were of the concentric type (Fig.22b)«      These were 
:iet on the   -ito to lie in the direction of flow'after this had been 
revealed by a preliminary wool tuft exploration. 

Surface station of a similar type to those fitted at the cowl 
entry were installed in the shoulder oowl and single tubes were fitted 
in the gill plates.      The plane of traverse was taken -5 inoh in from 
the exit (instead of at the exit as in previous tests) to line up with 
the surface statics. 

Pressure integrating rings 

The two pressure integrating rings were used as in the previous 
tests1»*-.      Each ring was a continuous tube, extending round the engine 
at about the same radius as the .lunkhead and having 3/32 inch holes through 
it at fru iuunt intervals.      The manometer connootion was by a single 
tupping piece. 

•lunkhead atatic tubo3 

The .junkhead static tubes'- on cylinders ^.,5,6 and 15 ware 
still fitted but thoir inaccessibility made cleaning and maintenance 
very difficult and when several were found to be out of order no further 
readings wore taken. 
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